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CHAPTER 1 
1. INTRODUCTION 
1.1 Motivation  
Crosswind stability is an important area of study in vehicle aerodynamic design 
for it leads to safety issues. The main concern in aerodynamic design for years has been 
concentrated on reducing the drag for fuel efficiency. Later on, it was found that the 
streamlined vehicle shapes are sensitive to crosswind disturbance. The styling trend 
towards rounder shapes especially at the rear of the vehicles and a continuing reduction 
in aerodynamic drags are suspected to contribute to the crosswind sensitivity (Howell, 
1993).     
The theoretical and computational fluid dynamic methods have yet to prove their 
reliability in investigating the vehicle behavior in crosswind disturbance and ground 
vehicle aerodynamicist resorts to the experimental techniques where wind-tunnel testing 
has been widely used to simulate the transient condition. The primary motivation to this 
work is to design an alternative parameter identification technique to estimate ground 
vehicle’s aerodynamic derivatives. One of the early uses of parameter estimation was to 
validate wind tunnel or analytical predictions of aircraft stability and control derivatives 
(Ming-Der, 1990). Quantitative analysis of ground vehicle stability and its handling 
qualities make direct use of these parameter estimates. Thus, it is important to have a 
reliable parameter identification technique for these analyses.  
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1.2 Problem Statement 
The oscillating test rig for wind tunnel testing that has been developed by 
Mansor (2006) managed to capture the transient response of a simple automotive body 
type in crosswind disturbances. The following mathematical analysis of the oscillating 
test rig model enables the determination of aerodynamic derivatives from the system’s 
stiffness and damping which are governed by the natural frequency and damping ratio 
and was identified in a conventional manner. Conventional method uses an indirect 
manner of identifying the aerodynamic derivatives where the damping ratio is calculated 
from the time to half amplitude and frequency is obtained from peak-picking method 
based on power spectral density calculation.  
In the current work, a multilayer neural network was developed to carry out the 
function approximation task where the natural frequency and damping ratio is 
approximated based on the recorded impulse time response data. The study investigates 
the effectiveness of neural network with respect to input representation to the network, 
the network architecture, the training samples distribution and size, and the application 
of principal component analysis in reducing the size of the network input dimension. 
The estimated natural frequency and damping ratio from the designed network is used to 
calculate the aerodynamic derivatives and the results were compared with the derivatives 
retrieved through conventional identification process. To validate both techniques, 
impulse responses were generated from the model systems transfer function and the 
generated data were compared with the response actually recorded during wind tunnel 
test. 
1.3 Research Objectives 
The first objective of this research work is to design an alternative identification 
scheme for identification of ground vehicle’s aerodynamic derivatives. The work 
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proposes on the use of an artificial neural network that can identify the natural 
frequency and damping ratio given the impulse response of the automotive body 
recorded from the oscillating test rig. Secondly, this neural network approach is aimed to 
provide an alternative identification technique in identifying the natural frequency and 
damping ratio. The performance from both techniques; conventional and neural network, 
are compared. Through a modern computational approach, the steps in the identification 
process in estimating the modal parameters are tried to be reduced.  
The properties of the network had been studied to construct the optimum design 
of neural network that can give a good estimation of damping ratio and natural 
frequency. In this identification work, the aerodynamic damping that acted on the bluff 
body is considerably low and it is crucial that the designed network should be able to 
give good estimation values. In addition, the network should be able to generalize well 
since all the response measured during the wind tunnel test are of arbitrary pair of 
natural frequency and damping ratio that have not been encountered by the network 
during the training process.  
To optimize the network size which is proportional to the number of input nodes, 
the proper input representation to the network had been investigated. This work explores 
on the possibility of introducing the application of principal component analysis in 
reducing the number of input nodes to the network. The well used technique in the 
pattern recognition using the neural network were extended to the function 
approximation application since this identification process was conducted offline based 
on the past recorded time response.   
1.4 Research Methodology 
The estimation of the aerodynamic derivatives was based on the time response 
data recorded during the dynamic wind tunnel test conducted by Mansor (2006). The 
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impulse response was recorded within the linear range of oscillation (below ±20°) and 
within the frequency range of influence to the vehicle’s crosswind sensitivity given by 
the reduced frequency of 0.09 - 0.9. The estimation was based on the response amplitude 
range from 10° to 1° as the range has lesser significant effect from the initial release and 
the influence of noise.   
The estimation of the aerodynamic derivatives are based on the identification of 
the frequency and damping of the measured response. The identification process was 
carried out with two identification tools; the conventional technique and the multilayer 
neural network as in Figure 1.1. These two identification tools were used to identify the 
natural frequency and damping ratio from the measured impulse response data. The 
aerodynamic derivatives were calculated using the identified parameters and the results 
from both approaches were compared.   
For the neural network approach, a multilayer feedforward neural network 
(MLNN) was first trained using the training data that were generated from the standard 
second order systems transfer function. The neural network was trained in an inverse 
system method using the Bayesian regularization training algorithm. Two methods of 
input representation were introduced. The first representation is in the form of standard 
plot of a second order system while the second representation consists of the whole 
impulse response input to the network. In optimizing the size of input nodes in the 
second representation, principal component analysis was used. The neural network 
properties were investigated before the proper network architecture was selected. The 
network was trained in an iterative process until the network output coincides with the 
targeted output. Figure 1.2 shows the training process for the two input representation 
method.     
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Figure 1.1 Overall research process 
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Figure 1.2 Training process of the MLNN 
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1.5 Scope of work 
The current research work is limited to the following: 
(i) Using available experimental data. The data was generated from a free 
oscillation test using an oscillating test rig to capture the transient behavior of a 
simple model in crosswind.  
(ii) The identification of yaw moment and side force derivatives for ground vehicle 
in crosswind. The derivatives value gives the rate of change of aerodynamic 
force or moment acting on the body with respect to yaw angle.  
(iii) Identification based on damped response of a second order system given that the 
system is of pure yawing motion of a single degree of freedom system.  
(iv) The damping ratio range is between 0.001-0.1 and natural frequency ranges from 
2.5-26.5 rad/s.  
(v) Using a multilayer feedforward neural network. 
(vi) Training algorithm: Bayesian Regularization. 
1.6 Organization of the thesis 
This thesis is divided into 6 main chapters. The introduction in this chapter is 
aimed to give some background on the research work. The purpose of the study and the 
methodology used to achieve the research objective is described and the thesis content is 
overviewed. The previous research work related to the study is presented in Chapter 2. 
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The literature review starts with the development in the study of crosswind sensitivity 
of ground vehicles and followed by the identification process. The problem and the 
shortcoming of the existing techniques used are presented and the alternative approach 
with neural network is discussed.  
Chapter 3 presents the conventional method in identifying the aerodynamic 
derivatives. The chapter starts with the background and the mathematical analysis of the 
oscillating test rig that leads to the determination of the aerodynamic derivatives. The 
conventional modal parameter identification process is reviewed and the approach is 
reapplied to the published measured data for understanding the principals and the results 
to be used as benchmark to the alternative method proposed in the study. Neural network 
as an alternative approach in the identification of the modal parameter is presented in 
Chapter 4. This chapter investigates the properties and the optimum input representation 
to the network. The results of aerodynamic derivatives from the identified parameters by 
neural network are compared with the results in Chapter 3 and a comparison study is 
conducted to validate both results. 
Further investigation on the input optimization is conducted in Chapter 5 by 
introducing the principal component analysis to reduce the size of input dimension. The 
mathematical description of the technique is introduced to understand how the principal 
components are extracted and the subsequent reduction on the input vectors. The results 
obtained from the proposed approach are compared with the results from conventional 
technique. Chapter 6 concludes the research work and suggests the possible future 
research.       
